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Methylphenidate is a central nervous system
stimulant\drug that has become the primary drug
of choice’in treating attention-deficit/hyperactivity
disorder in children. Side effects are usually mild
and are generally well tolerated by patients. Along
with increases-in‘prescribing frequency, the poten-
tial for abuse has.increased. Intranasal abuse pro-
duces effects rapidly that.are similar to the effects
of cocaine in both onset.and type. The clinical
picture of stimulant abuse produces a wide array
of psychiatric symptoms. There is little in the lit-
erature to differentiate methylphenidate from
other stimulants when they aresabused. The
need for education of all involved with.the use
of methylphenidate is discussed-to help/prevent
an increasing pattern of methylphenidate abuse.
(Primary Care Companion J Clin Psychiatry2000;2:159-164)

As ADHD is more accurately diagnosed and treated
appropriately with stimulant medication, there will be a
continued increase in the amount of methylphenidate pre-
scribed and dispensétf? Given this increasing number
of patients receiving methylphenidate and the increased
availability of methylphenidate, there is an increased po-
tential for this medication to be abused. Abuse often en-
tails the use of large doses, which may be taken intra-
nasally or intravenously. This article will review the
pharmacology of methylphenidate and look at its psychi-
atric side effects when abused. Patterns of abuse, includ-
ing intranasal use, will also be discussed to help the pri-
mary care practitioner become more aware of some of the
potential problems when monitoring and supervising the
use of methylphenidate.

HISTORY

Received Aug. 9, 2000; accepted Sept. 21, 2000. From the Department  Methylphenidate, synthesized in 19%4nd patented
O B s ione. Shonms” horear¢/in 1054, was frst marketed by Ciba-Geigy Pharmaceut
South Carolina, Charleston. cal Company as Ritalin. It was initially first used in 1955
e G e, 0 & pumber of indications. The 1957 Physicians’ Desk
250861, Charleston, SC 29425 (e-mail: mortona@musc.edu). Reference stated that it was “indicated in chronic fatigue

andlethargic and depressed states, including those associ-

ated with tranquilizing agents and other drugs; disturbed
I\/I ethylphenidate is a central nervous system senile behavior;, psychoneuroses and psychoses associ-

(CNS) stimulant drug that has become the ated with-depression; and in narcolep¥{*Y Methyl-

primary drug of choice in treating attention-deficit/ phenidate is"currently available from Novartis Pharma-
hyperactivity disorder (ADHD) in children. It has also ceuticals Corparation /in~both immediate-release and
been used to treat other disorders such as depression, nasustained-release " tablets” for oral administration and is
colepsy, brain injury, cancer, pain, and cognitive disorders U.S. Food and Drug Administration (FDA)—approved for
and to treat patients with human immunodeficiency virus the treatment of attention-defigit/hyperactivity disorder
infection! However, its most impressive effect has been and narcolepsyIt has unlabeled uses‘in depression in the
the reduction of symptoms seen in ADHD, a condition elderly, cancer patients, and poststroke patients.
found in approximately 3% to 5% of the general popula-  Methylphenidate has become the ‘drug of first choice
tion of school-age childretpccurring more frequently in - prescribed by many physicians for theinitial treatment
boys? Many children, adolescents, and adults with of ADHD. Usual doses range from 10 to 60 mg/day de-
ADHD can benefit from the therapeutic effects of methyl- pending on the age and the response of the tHifd.
phenidate with minimum side effe¢t$.The most com- ADHD can continue in adulthood, and many patients with
mon side effects are insomnia, stomachache, headacheADHD may need to continue to take methylphenidate in-
and anorexi&.**When these side effects do occur in treat- definitely!”2
ment, they usually can be managed effectively or dimin-
ish in severity with time to a tolerable IleVél° This
stimulant medication is generally safe when used as pre-
scribed; it produces few serious adverse events when used Methylphenidate is classified as a CNS stimulant. Its
orally in therapeutic doses. However, the entire therapeu-proposed mechanism of action is the release and increase
tic profile starts to change when it is abused. of CNS dopaminé?® This release is secondary to its ef-
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fect on the dopamine transport mechanism, which resultsamines,*®?**®while another describes methylphenidate
in an increased amount of postsynaptic dopamine. Thisas “a mild CNS stimulant with actions similar to the
increase provides the needed stimulation and proposedamphetamines!®®’’® These same texts also warn of an
activation of the motor inhibitory system in the orbital- abuse potential similar to that of the amphetamifes,
frontal-limbic axis* This activation results in an increase well as the potential overuse and abuse of methylpheni-
in inhibition of impulsiveness. Therefore, this medication date, especially in patients with “a history of drug depen-
assists children with ADHD by helping them focus their dence or alcoholism*P773:16(2040Thjs warning is also
attention when necessary. clearly stated in the product information statenfent.
The exact mechanism of action of methylphenidate is These brief reminders of the abuse potential of methyl-
dissimilar to-that of the amphetamines and cocaine, yetphenidate may need stronger emphasis to sensitize prac-
the net effect is an increase in synaptic dopamine. Radio-titioners to the high risk of abuse in certain patient popu-
graphic studies”with*{C)-labeled methylphenidate and lations.
cocaine have found the binding of both drugs to be local-

ized in the same’brain region, the striafdrdvhen DOSAGE
methylphenidate is abused, it is the stimulation pti®
pamine receptors in ‘the-nucleus accumBearsd striato- While the dosage range varies for children, the average
orbitofrontal corteX that is/thought to be related to the daily dose of methylphenidate for adults is 20 to 30
euphoria and repeated use. mg/day?’® Most texts recommend that the daily dose
should not exceed 60 mg, although some individuals may
PHARMACOKINETICS require higher dose$§!%*° This limit of 60 mg/day ap-

pears to be arbitrary and not based on clinical research.

Upon oral administration, methylphenidate is rapidly Studies for adults with ADHD suggest 1 mg/kg/day as the
and completely absorbed from the gastrointestinal tract. usual dose with lower doses producing less respdrise.
Peak concentrations occur 1 to 2 héuaftendose-admin-  These dosages refer to the therapeutic oral dose.
istration. The pharmacokinetic half-life of methylpheni- When methylphenidate is abused intranasally, the ef-
date is approximately 2 hodtand ranges from 2/to7 . fects are usually similar to intranasal use of amphet-
hours® The pharmacologic clinical effects are Seen from- amines and crack cocaiffeDoses for intranasal methyl-
4 to 6 hours after an oral dose of immediate-releasephenidate abuse have been reported as high as 260 mg.
methylphenidate and 3 to 9 hours after sustained-releasdntravenous doses in abuse have been reported in the
methylphenidaté>2®?” Methylphenidate is metabolized-/ range-of 40 mg to 1000 nig*
through de-esterification to ritalinic acitiLess than 1%
of methylphenidate is excreted unchanged in the urine, ABUSE POTENTIAL
while 80% of an oral dose is excreted as ritalinic &tid.
Recently, the discovery of the formation of the metabolite ~ The potential for abuse is emphasized throughout the
ethylphenidate has been reportéd@his can occur when literature -and .should serve as a warning to clinicians.
methylphenidate is used concurrently with ethanol and However, this warning is often overshadowed by the
may be a contributing factor in toxicity. many patients who-have a-positive therapeutic response to

When methylphenidate and cocaine are administeredoral methylphenidate and’de not abuse it. When used in-
intravenously, their pharmacokinetics are quite similar. tranasally, methylphenidate‘has.receptor effects similar to
Volkow and colleagué$ found that the percentage of those of cocaine. A rapid release of synaptic dopamine
each drug taken up by the brain and their rates of uptakeoccurs, producing subjective effects/of an instant “high”
were parallel. However, the clearance from the brain of and an intensely gratifying euphoria:” Thus, the clinical
cocaine (f, = 20 minutes) was faster than that of methyl- picture of abuse is often quite similar to that of cocaine.
phenidate (t, > 90 minutesf? In addition, the receptor-  Volkow and colleagué$?® have found that the localiza-
binding affinities for cocaine and methylphenidate are tion of methylphenidate binding with dopaminergic path-
similar at the dopamine transporter in the basal gangliaways was “identical” with that of cocaine and a_similar
and the striatum. Intravenous methylphenidate reaches*high” was described by patients receiving both™ drugs
peak concentrations in the basal ganglia in 8 to 15 min- intravenously.
utes, whereas the associated “high” feeling peaked in 1to Because cocaine is one of the most rewarding and rein-
3 minutes? forcing drugs® statements such as “Subjective effects

A well-known pharmacology text states that the phar- similar to cocaine’s are produced by amphetamine,
macologic properties of methylphenidate “are essentially dextroamphetamine, methamphetamine, phenmetrazine,
the same as those of the amphetamiffé?") Another methylphenidate, and diethylpropidh’can give health
reference states that “the pharmacologic actions of care providers a reference by which to judge the abuse po-
methylphenidate are qualitatively similar to the amphet- tential of methylphenidate. Methylphenidate can be trans-
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formed from a therapeutic agent to an abused and addic-Intranasal Abuse
tive substance when this drug is taken in excessive Intranasal abuse has not been scientifically assessed,
amounts and used through intranasal and intravenousbut the occurrence and effects have been demonstrated
routes. through case reports in the literature. The first report of
Availability is often an integral part of a drug’s abuse intranasal abuse of methylphenidasgppeared in 1991. A
potential, and the availability of methylphenidate is cer- 16-year-old boy with a 2-year history of methylphenidate
tainly increasing. According to the Drug Enforcement abuse reported using his prescription medication to get
Agency (DEA), the production of methylphenidate in the “high.” He was using up to 200 mg/day intranas#lliyle
United States has increased from 1361 kilograms in 1985became anxious and “out of control” and was admitted to
to 10,410 kilograms in 1995 with a 6-fold increase in pro- the hospital for treatment in a depressed and suicidal state.
duction from'1990 to 199%.In addition, the number of A DEA document reports 2 cases of health professionals
children diagnesed with ADHD has increased 2.5-fold in abusing intranasal methylphenid&t@his document also
this same time..period. Currently, methylphenidate is mentions 2 deaths attributed to intranasal use; however,
controlled by the DEA by its assignment of schedule Il specific data are not reporté&d.
status, which means’the drug “has a high potential for ~An additional case of abuse by a 15-year-old boy with
abuse . .. and may lead 10 severe psychological and physi-ADHD* was reported in 1998. The boy had a 2-week his-
cal dependence®Although these drugs are indicated in tory of methylphenidate abuse that started with feelings of
the treatment of medical conditions, schedule Il medica- euphoria and ended in paranoia, depression, and suicidal
tions are subject to strict regulations: ideation®® He was using intranasal doses of 60 mg of sus-
Ignorance of this potential for abuse;starts early as de-tained-release methylphenidate. A recent case in the lit-
scribed in a survey of school-aged-children who were eraturé® describes the death of a 19-year-old teen follow-
asked about the drug RitafihNo child thought that this  ing abuse of intranasal methylphenidate. The teenager
drug or other treatment for ADHD could lead*to abuse. lost consciousness, fell, hit his head, and then went into
However, 16% of these children reported thatthey were cardiopulmonary arrest. Toxicologic analyses confirmed
asked to sell, give, or trade stimulant medicatfokbuse the presence of methylphenidate and alcohol.
has also been reported in family memigérs.
How fast a drug works often predicts its abuse poten- TOXICITY
tial and reinforcement liabilit§* Various investigators
have supported this hypothesis by comparing the kinetic'’Acute Toxicity
time course in the brain with the “high” subjects’ experi- Acute toxicity due to methylphenidate overdose results
ence. Specifically, when methylphenidate is given intra- in*symptoms similar to those of acute amphetamine in-
venously, subjects reported “highs” paralleling the kinet- toxication.-Reports of psychiatric symptoms that have oc-
ics of cocaine rather than the kinetics of methylphenidate. curred.include-euphoria, delirium, confusion, toxic psy-
As mentioned previously, when administered intrave- chosis, and hallucinatiori$® Such symptoms should not
nously, these drugs are indistinguishable and have a paralbe unexpected. as ‘methylphenidate’s pharmacologic ef-
lel rate of uptake into the brain (cocaine: 4—6 minutes, fects are “basically‘the'same as those of amphetanmihes.”

methylphenidate: 4—8 minutegy? Cases of psychosis with'methylphenidate abuse have been
reported when the drug’is used in “runs,” similar to am-
ABUSE PATTERNS phetamine abusg.

There are limited data in the literature regarding the

In the early 1960s, the abuse potential of methyl- psychiatric side effects of methylphenidate when it is
phenidate was questioned in a case report of a patient whabused. Most of the data are found in“case reports and are
was taking 125 tablets of methylphenidate d&iubse- often reported as similar to the psychiatric side effects of
guent reports of oral methylphenidate abuse appeared inamphetamines or cocaine. The clinical picture of the ef-
the literature including reports of methylphenidate hal- fects of high-dose methylphenidate resembles that of am-
lucinations!**® paranoid?® euphori#? and delusional  phetamine intoxication and psychosis. The presentation
disorder’’ of this psychiatric picture is often quite dramatic; but is

Intravenous abuse of methylphenidate associated withtransient and has been seen with all major stimulants, in-
psychosis was noted in 198%llowed by several reports  cluding methylphenidaté.
of intravenous abuse in the early 1970%8:* Subse- Psychiatric symptoms of extreme anger with threats of
quently, a prospective study described the intravenousaggressive behavior may occur in methylphenidate abuse.
abuse patterns, morbidity, and mortality associated with When high doses are taken, delirium, aggressiveness,
methylphenidaté? The sole source of methylphenidate panic states, and hallucinations have been obséried.
for these patients involved the diversion of prescription In fact, theDiagnostic and Statistical Manual of Mental
medication. Disorders Fourth Edition (DSM-IVY,does not differenti-
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Table 1. Psychological and Behavioral Symptoms of Table 2. A Brief History of Methylphenidate Abuse
Amphetamine Use? Year Event
A “high” feeling and euphoria 1960 Oral addiction potential questioriéd
Vigor, gregariousness, hyperactivity, restlessness, hypervigilance 1963 Intravenous abuse in the United Stdtes
Interpersonal sensitivity, talkativeness, anxiety, tension, alertness, 1968 Withdrawn from Swedish mark&t
grandiosity 1971 First report of oral abu¥e
Stereotypic and repetitive behavior, anger, fighting, and impaired 1971 Drug Enforcement Agency monitors amount
judgment produced in the United Stafés
Paranoid ideation, auditory and tactile hallucinations 1971 Methylphenidate classified as scheduf® I
Depression with suicidal ideation, irritability, anhedonia, emotional 1986 Intravenous abuse resulting in d&th
blunting 1988 Abuse by family membéfs
3Adapted from-DSM-I\2 1991 First report of intranasal abd$e
1995 Intranasal use by health professiofials
1995 Intranasal use resulting in dedths
1995 Intranasal use by adolescéhts

ate between amphetamines and methylphenidate in regard99s Student slur\éey: 16% ?bus?ﬂgdéb )

to the signs and 'symptoms of toxicity. DSM-IV goes on 1999 Intranasal abuse resulting in deat

further tg state: “M><,)stp0f the effects o):‘ amphetamine and 1999 Detection of ethylphenidate metabdite
amphetamine-like drugs” are similar to cocaitf&®)

Methylphenidate may be’ more-potent than amphetamine

when abusedf. Although the DSM-1V lists cocaine and violence and murdér:*® Ellingwood® reported a series of
amphetamine problems separately;-the clinical profile of cases in which amphetamines were related to homicide,
each is quite similar. Psychological and behavioral symp- detailing the amphetamine-induced alterations in behav-

toms of amphetamine use are listed'in Table 1. ior and thought that led to homicide. These included re-
duced impulse control, paranoia, panic, and emotional in-
Stimulant Toxicity stability (N = 13).

When abused, methylphenidate produces ~toxicity = To summarize, the psychiatric side effects of methyl-
similar to other CNS stimulant overdoses: The.clinical phenidate are quite similar to those of cocaine and
picture of stimulant intoxication produces a wide array. amphetamines, giving more support to the idea that al-
of symptoms including schizophrenic symptoms,-manic-. most all CNS stimulants will produce a similar clinical
like states, psychoses, depressions (especially duringpicture. A person using cocaine can experience nervous-
withdrawal), and various types of anxiety conditions’in- ness’’*®restlessnes$,agitation?’ suspiciousnes¥, para-
cluding panic state€-**Motor and behavioral symptoms-'/_noiaf*=¢® hallucinations and delusiofis®® impaired cog-
of overdose may include bruxism, repeated touching or nitive-functions?* delirium violence?"**5255%%ujcide%’
stereotypic confusion, disoriented behavior, punding, and-homicide/~"°
obsessive-compulsive tendencies, aggressiveness, and re-
petitive behaviors®*® CONCLUSION

Psychiatric symptoms of stimulant overdose may in-
clude hallucinations, delusions, paranoia, confusion, dis- The potential.for methylphenidate abuse has been ad-
orientation, and loose association of ideas. Ellingwbod dressed primarily’through.regulatory measures. These in-
studied amphetamine abusers and found that patients deelude regulating the amount.of methylphenidate able to be
veloped auditory hallucinations (N = 14), visual halluci- filled at pharmacies during’a specified time period and
nations (N = 15), and experiences of estrangement and/oradding a higher level of surveillance by assigning it to
depersonalization (N = 8). In addition, marked preoccu- schedule Il status. Other measures to'reduce abuse include
pation with facial features (N = 10) was reporté@sy- encouraging tablet counts by parents. and considering
chotic symptoms usually arise with chronic abuse, but changing to stimulants that do not require a dose in the
may also appear acutely with large doses of stimulants.middle of the day, thereby decreasing handling by chil-
These psychiatric and physical side effects resolve over adren in schools. Given the potential for abuse, methyl-
period of hours to weeké The dose required to produce phenidate merits being maintained as a schedule’ |l drug
psychic or motor disturbance varies considerably. Some despite parental requests to deregulat® it.
abusers may experience increasing effects after multiple Prevention of methylphenidate abuse needs to be a
doses (similar to sensitization), while others experience shared responsibility between the practitioner, the par-
severe effects from small doses (reverse tolergriée). ents, and the patient. All participants in therapy need to be

In addition, homicide related to amphetamine intoxica- educated about the abuse potential of methylphenidate.
tion has been reportédParanoid ideation, which can be The history and emerging patterns of abuse as outlined in
very frightening to the stimulant user, is often present Table 2 will help sensitize practitioners and patients to the
when violence occurs. This suspiciousness combinedrisk of abuse. Practitioners need to address such issues as
with impaired judgment and insight can be a catalyst for the consequences of excessive use or intranasal use as
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well as other abuse patterns. The use of methylphenidate
by anyone other than the patient to whom it was pre- ,,
scribed needs to be addressed and caution maintained

throughout therapy. The extreme consequences of abuse

and addiction, resulting in legal repercussions, psychiatric
symptoms and disorders, as well as death and homicide,
need to be discussed seriously.

Education must originate with the prescriber. Increas-

ing practitioner awareness of the pharmacologic, psycho-

logical, and-physiologic similarities with cocaine is essen- 23.

tial to avoid potential abuse. The medical and treatment
communities need to be aware of these potential prob-
lems, and primary-care practitioners need to be aware of
the problems associated with methylphenidate abuse, rec-,
ognize the abuse ‘patterns, and take a strong position in
educating all those concerned with methylphenidate use.

Drug namesamphetamine (Adderall), dextroamphetamine (Dexedrine 27

and others), methamphetamine (Desoxyn), methylphenidate (Ritalin
and others).
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12.

13.

14.

15.

16.
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